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Outline

* Energy of computation and its impact
* What kind of architecture?
 Some possible approaches
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2011 Avg Max 102.03
Historic Avg Max 94.55
2011 Avg Min ~ 78.65
Historic Avg Min 74.81

Avg Max  +7.5F (4.2C)
Avg Min  +3.8F (2.1C)

Warmest July — August
on record in Texas

Warmest July — August
on record of any US
state
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Hurricanes:

For 1925 - 1995 the US cost was
billion/yr for a total of 244
landfalls. But, hurricane Andrew
alone caused damage in excess of
$27 billion.

The US loss of life has gone down
to <20/yr typically. The Galveston
“Great Hurricane” year 1900

| caused over 6,000 deaths.

Since 1990 the number of landfalls
each year is increasing.

{ Warnings and emergency

response costs on average $800
million/yr. Satellites, forecasting
efforts and research cost $200 —
1 225 million/yr.

Andrew:

“;.Chlgirley:

. ~$ 4B (2004)
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Tornados s

http://en.wikipedia.org/wiki/Tornado
 http://www.crh.noaa.gov/mkx/ Anadarko, Oklahoma
document/tor/images/tor060884/
dam L3 . B il o

http://en.wikipedia.org/wiki/
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Russia may have lost 15,000 lives already,
and $15 billion, or 1% of GDP, according to
Bloomberg.

The smog in Moscow is a driving force
behind the fires' deadly impact, with 7000
ADVANGED CovpuTing BRI being killed already in the city. Aug 10, 2010

In a single week, San Diego County Wl|dflreSWI Idfl reS - L A )

killed 16 people, destroyed nearly 2,500 homes
and burned nearly 400,000 acres. Oct 2003 mh 2

andiego.com/
ST ekoff|re/|mages/ma|n|mage4Jpg
Russia Wildfires 2010

msn.com/j/
its/Photo/_new/

w-zmp.

Los Alamos Forest Fires
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img.ibtimes. com/www/datallmages/fuII/2010/08/



April 30 — May 7, 2010
TN, KY, MS _ UK June — July 2007
31 deaths. Nashville Mayor 13 deaths

Karl Dean estimates the
damage from weekend
flooding could easily top
$1 billion.
S T

more than 1 million affected
cost about £6 billion

— —————— —
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China,Bloomber

Aug 7 1254 killed in mudsllde -
with 490 missing
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Accelerating

0 iz} Mean and range of |Ce VOI Ume km
189 anda . “==d IPCC models
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Source: www.copenhagendiagnosis.org WAL . Observational estimates (cy2n / purple stars):
0 r r r —— =] Obs Fall (ON) 07 volume <9000 km?, ~20% uncertainty,
1900 1950 2000 2050 211 _ Negative volume trends: 1197 - 1274 kme/yr

HTH 2 - Combined (95-07) model / data linear volume trend projects ice-free fall by 2016
Ice area mllllons km ’ - Same trend with extended K09 (assuming the constant ON volume for 07 - 09)

Nt - Some (?) sea ice will remain beyond due to increased ridging of thinner ice
September minimum (?) Y ging

- Uncertainty (95-07) is =3yrs and not all volume must disappear
ok etal, JGR 2009, Kwok & Cunnigham, JGR 2008
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Sea level has increased : t 3 mm/yr
between 1993 and 2005

Projected increase from

19302100 is anywhere 1/3* due to.
from 0.09 — 0.88 meters. melting glaciers
2/3 due
expansion from
warming oceans

N e
(@)
1 I 1 ¥ 1 1

Source:
Trenberth, NCAR
2005

Change in Mean Sea Level (mm)
o =
' | 1 : 'S 1

-10-

Argo float
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—_— — :
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1994 1996 1 QQR 2000

Source: Iskhaq Iskandar, http://www.jsps.go.jp/j-sdialogue/2007c/data/52_dr_iskander_02.pdf
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ataclysmic Concerns

Over the last 200 years, about 50% of all CO, produced on
earth has been absorbed by the ocean. (Royal society 6/05)

Remains in the
atmosphere
(greenhouse gas)

Dissolves in
sea water

3 C02+ H,0 —-HCO; + H+
o T (ACID).

yy —

Wa er e .-
more aC|d|c

m Source: http: //alaskaconservatlonsolutlons com/acs_/|mages/storles/docs/AkCS current.ppt
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skeletons and shells can even begin to dissolve. “Within decades these
shell-dissolving conditions are projected to be reached and to persist
throughout most of the year in the polar oceans.” (Monaco Deglaration 2008

» Pteropods (an important food
source for salmon, cod,
herring, and pollock) likely not
able to survive at CO, levels
predicted for 2100 (600ppm,

\\\‘ / pH 7.9)

Coral reefs at serious risk;
doubling CO,, stop growing
and begin dissolving

Pteropod

v |
All photos this page courtesy of NOAA

Larger animals like squid may
have trouble extracting oxygen

lﬂl e B =i e > Food chain disruptions

Global Warming: The Greatest Threat © 2006 Deborah L. Williams

kaconservationsolutions.com/acs/images/stories/docs/AKCS_current.ppt
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and Several PrOJectlons o}

2100 No Emission Controls--MIT Study r' — 900
2100 Post-Copenhagen Agreements-MIT Model Al ot 3OS
_ 700 g
- 600 g
"y} &
— S00
2100 Ramanathan and Xu and IEA Blue Scenario B §+ 20C
400
S
300 §
200 3’
Source: U.S. Global Change Research Program Report (2009) 3
Graph from: www.globalchange.gov/publications/reports/scientific-assessments/ — 100
us-impacts/download-the-report ‘ 7
l 2 l 4 | i | 2 | 1 | 2 | [ | i o
-800,000 -700.000 -600.000 -500,000 -400.000 -300.000 -200.000 -100.000 6‘ 2008
Year Lithi et al.; Tans; HASAZ

/lsmarr/2009/ppt/AALD_Infrastructure_071610.final.ppt
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o

of the Electricity Sector

Other = |
= } Fossil Fuels 70%  £5ssil Euels <1/3 ENERGY
Solar = Renewables ~20% TECHNOLOGY
& 45 A ° _ AllCoal CCS Wl PERSPECTIVES
wWind , - Renewables ~50% 2010
40 ‘
. Scenarios &
M Biomass+CCS Strategies
- L to 2050
" Biomass and waste 30 A
M Hydro 25
M Nuclear 20 -
M Natural gas+CCS 15 -
M Natural gas 10 -
M Oil B 5
M Coal+CCS 0 -

CCS = Carbon Capture and Storage

2007 Baseline 2050 BLUE Map
M Coal

http://www.calit2.net/newsroom/presentations/Ismarr/2009/ppt/NCAR_072310.ppt 2050
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ICT impact on CO, emissions

 ltis estimated that the ICT industry alone produces CO,
emissions that is equivalent to the carbon output of the
entire aviation industry. Direct emissions of Internet and ICT
amounts to 2-3% of world emissions

* |[CT emissions growth fastest of any sector in society;
expected to double every 4 to 6 years with current
approaches

* One small computer server generates as much carbon
dioxide as a SUV with a fuel efficiency of 15 miles per

gallon
*An Inefficient Tuth: http://www.globalactionplan.org.uk/event_detail.aspx?eid=2696e0e0-28fe-4121-bd36-3670c02eda49

L4
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Evlution of Data |

The Cost to Power & Cool a Server Has
Exceeded the Cost of the Server...

Server Cost - = « =EnergyCost
Infrastructure Cosl e Annual I&E

4000
- 3000 Center for a 1U Serve
© 2000 (3 yr server life, 10 yr
° infrastructure life)
Q 1000 *HP has invested
heavily to reduce
0 e su® = ustomers’ I&E costs
1990 1995 2000 2005 2010 2015 2020
Goopus: Bied . 2001, s P Gonr Pusrand Sk Cost oo I

iciency in HPC — An Industry Perspective,
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Spending
(US$B)

310 50 Power per rack

T 45 has increased from

$100 -{ IEM New Server Spending 40 afew kW to 30+

1 Power and Cooling

i kW
$80 - 35
- 30
$60 - .
L 20 Estimate for 2008

purchase: 4yr
cooling cost ~1.5
10 times cluster cost

$40 -

$20 -

$0 -

& o ®

R S N N A g 8 A &
D" D' O S O O O O O

S 0
Q7 N
'\9'\9

Source: IDC, 2006
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Traditional Data Cente

\‘ N

EleEtrical

INDOOR Heat

I@%M | Equipment 30% Cgﬁ%R oUT

s

f ——.
<~ e DU 0% (
,-

L ‘ 4
*ﬁi@{—/ o~ 4
ST /
witchgear/Generator:1%

http://www.slideshare.net/fabioce/apc-il-moderno-data-center-4453903
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PUE: Power Usage Effectiveness

COOLING
¢ Chillers

* CRACs

* elc

POWER
Total ¢ Switchgear

Facility *UPS
Power ¢ PDUs
LN (=

Total Facility Power
IT Equipment Power

PUE=

Slide courtesy Michael K Patterson, Intel, 2"d European Workshop
Centre Infrastructure, Dourdan, France, 2010-10-06--08
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Q1 2011

Quarterly energy-weighted average PUE: 1.13

TTM energy-weighted avg. PUE: 1.16

Individual facility minimum quarterly PUE: 1.09,
Data Center E

Individual facility minimum TTM PUE*: 1.11,
Data Center J :

Individual facility maximum quarterly PUE: 1.22 et 490" AR
Data Center C . A - e N A

L] . g L] *. ~ i o
Individual faCIIIty maximum TTM PUE™: 1.21, . EUS1 Energy consumption for type 1 unit substations
Data Center C feeding the cooling plant, lighting, and some network
equipment
* Only facilities with at least twelve months of «  EUS2 Energy consumption for type 2 unit substations
operation are eligible for Individual Facility BRI el=network, storage, and CRACS
. . . ETX Medium and high voltage transformer losses
Trailing Twelve Month (TTM) PUE reporting N R i iinhlioliage cable losses
. ELV Low voltage cable losses
E +E +E.+E . ECRAC CRAC energy consumption
PUE = USt Us2 IX HV . EUPS Energy loss at UPSes which feed servers, network,
and storage equipment
EysotEneti-Ecrac—EupsE
et UPS =LV . ENet1 Network room energy fed from type 1 unit

substitution
http://www.google.com/corporate/datacenter/efficiency-measurements.html
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Google and Clen

 The Hamina data center in Finland
(previously the Summa paper mill)
— Cooling water from Gulf of Finland
(no chillers)
— Four new wind turbines built

* Belgian data center designed without
chillers. If the air at the Saint- Ghlslam
Belgium, data F——
center gets too hot, %is =
Google shifts the : i
data center's
compute loads to
other facilities.

e §t:.qc;._kho|§i‘1

Ly -
L
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—Prineville Data Cen

Facebook’s Prineville, OR, 147,000-square-foot
custom data center, with an estimated to cost
$188.2 million was brought into operation the
summer of 2011. The site was chosen because
of it's very dry and relatively cool climate. For
60 — 70% of the time cooling will be achieved
by using cold air from outside. Excess heat
from servers will be used to warm office space

in the facility. PUE 1.07 —1.08

L4
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- Located at the Thor Data [:"‘ >
Center, Reykjavik h

* |celand Electric Energy
70% Hydro, 30% Geo
Carbon Free, Sustainable

* Free Cooling — PUE in the 1.7 — 1.2 range; 1.07 for containerized equp.
All time high temperature in Reykjavik: 24.8 C, Annual average ~5 C.

NIGE:

Y
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Data Center Power Effic

Top500 dominated by blades

(70%73%) UPS Room Transformer

=3 I www.hp.com
A 3”5 |: = - e
o (== W
M%0a 480V/208V [
i l | .
ATUBO IS 1201208 30 3 208 VAC/ [Wa<dmps \ o
f High effciency T st B mmmmm ]
Source: Tahir Cader, HP, High-Speed BRI BIRE BRO
g ac based PDU (99%) available WWW.SUpermICYO.Com

Computing, April 27 — 29, 2009

-

Floor mount PDU (99%)

2 3 Higher 1.1 Great ? t
UPS 94% 98%+ e www.bull.com Wwwvj‘(\:’lwe'dlellt'(c:ocr)“m
(Part of PUE) e
PS 75% 94%+ ?
Fan Power 60+ W 2-10 W ?
(<1%)

Source: Richard Kaufmann, HP, SC09
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Factory Measurements of UPS Efficiency
(tested using linear loads)

100%
95% A
V4
90% -
{
85% 1 f
80% 4
l‘ CleanSource’ Flywheel Motor-Generator Technology
| F Id Replaceabl 2
75% 1| vl
| M ntaarasad into Field Coil
J Field Circuit
?D% ' ! ' ! Air-Gap Armature Fivwheel
0% 20% 40% 60% 80% S
Percent of Rated Active Power Load i et e

No Slots & Low Loss { % High Output

Power

M. Ton, B. Fortenbury. December 2005. High Performance Buildings: Data Centers, Uninterruptible Power Supplies
(UPS). LBNL. Ecos Consulting. EPRI Solutions. http://hightech.Ibl.gov/documents/UPS/Final_UPS_Report.pdf
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100 Percent of efficiency 80 PLUS
Powersupplytype @ 20%load [EREIGACTEI @ 100%load  Cerfification
95 460-watt 90.70% 93.20% 92.81% Gold
 J— 91.33% 94.58% 92.57% Gold
90 1200-watt (AC) 86.84% 91.75% 91.19% Silver
85 e Example2: HP Blade Chassis Power
/// Supplies 94.6% peak (see www.80plus.org)
X 80 and 90.x% at 10% load
= http://h20000.www2.hp.com/bc/docs/support/
& 75 4 SupportManual/c00816246/c00816246.pdf
'S
E 70 100% Efficiency of the Power Supply
65 90%
—+HP - 460W 80% {
60 -=-Dell - 502W - S 1%
. ~+-3Y Power Tech - 450W | ; 6% |
-« Delta - 650W —
50 ) : : Supermicro 920W PS
| o
40 60 80 100 30%
0% 25% 50% 75% 100% 125%
Loading (% of Rated Output Power)
nergy Efficiency in HPC — http://www.supermicro.com/products/power

ed Computing, 2009-04-27--30 ¢, 51v/80P1 US/B0PLUS_PWS-920P-1R.pdf



Typical Data
Center Power

Utility Transformer
480/277 VAC

2% loss

UPS 99.999%
6% - 12% Availability

480VAC

3% loss
208/120VAC

Total loss up to server:
11% to 17%

ADVANCED -"':113,,-__,‘; RESEA

Facebook — Prineville Dz

Prineville Data

Center Power

Utility Transformer
480/277 VAC

480/277VAC

Total loss up to server:
2%

~ Source: Amir Micahel, Facebook,August 17, 2011, http://www.hotchips.org/archives/hc23
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Google: UP
integrated with
server PSU. UPS
efficiency 99.9%

US Patent Office Application.
June 1, 2007. Data Center
Uninterruptible Power
Distribution Architecture.
http://appft1.uspto.gov/netacg
i/nph-
Parser?Sect1=PTO1&Sect2=
HITOFF&d=PG01&p=1&u=%
2Fnetahtm|%2FPTO%2Fsrch
num.html&r=1&f=G&I=50&s1
=%2220080030078%22.PGN
R.&0S=DN/20080030078&R
S=DN/20080030078
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Data Center Energy Efficie

 Modern data centers are designed and
operated for a PUE typically in the range
of 1.05-1.2

* Future significant improvement in energy
efficiency must come from architectures
requiring less energy and applications that
use them efficiently.
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Power reduction Over Time* { Core Integer Performance Over Time*

=1
2
©
7]
E
S
w
B
=
e
i~
&
L=
o
=
I

1980 1990 2000 20052010 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
/ Single Core Moore’s Law

~ 1 Million Reduction In Energy/Transistor Over 30+ Years Delivering
Great Performance Within Power Envelope
Compute Energy Efficiency =» Positive Impact On Environment

Source: Lorie Wigle, Intel, http://piee.stanford.edu/cgi-bin/docs/behavior/becc/2008/presentations/
18-4C-01-Eco-Technoloav - Deliverina Efficiencv and Innovation.odf

G ’)
(intel
m Source: Intel Corporate Technology Group
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1.E+16
1.E+15 -
1.E+14 - ’
1EH3 Energy efficiency
BM PS/2 E + Sun SS1000 ¢ / *® .
142 A doubling every 18.84
e N months on average
g 1EH0- . T measured as
Lray supercompute . “‘- ’ il
§ 1609 /" computation/kWh
E 1.E408 —yT g o Commodore 64
2 17 o't ¢
; ¥/
1.E+06 ® /¢ Univac ll (transistor : P :
S e Source: Assessing in the Trends in the
1.E+408 ool Electrical Efficiency of Computation over Time,
o *Univa J.G. Koomey, S. Berard, M. Sanchez, H.
16404 | e Wong, Intel, August 17, 2009,
s http://download.intel.com/pressroom/pdf/comp
1.E+03 EDVA
. utertrendsrelease.pdf
1.E402 + "7 Regression result
15«0 ‘J “ L\]:“ 440243 x Year - 849.259
1.E+00 - Average doubling time (1946 to 2009 57 years

194 1950 1960 1970 1980 1990 2000 2010




Performance

100PFlops
10 PFlops
1 PFlops
100 TFops

10 TFlops

10 GFlops

1 GFlops 4%

19/11/2010

hitp://www top500.0rg/

-m- #1
o #500
-@- Sum
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Performance doubling
period on average:

No1 -—-13.64
months
No 500 - 12.90
months
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The energy efficiency improvement as determined by Koome
not match the performance growth of HPC systems as measure
by the Top500 list

The Gap indicates a growth rate in energy consumption for HPC
systems of about 20%/yr.

70
g EPA study projections: 14% - 17%/yr
s s JPtime Institute projections: 20%/yr
i PDC experience: 20%/yr
2 30 28.2 - Network equipment
£ Storago
2 Warangesewers  Report to Congress on Server and Data Center Energy
g Efficiency”, Public Law 109-431, U.S Environmental
<10 volume servers Protection Agency, Energy Star Program, August 2, 2007,
5 http://www.energystar.gov/ia/partners/prod_development/dow
2000 2001 2002 2003 2004 2006 2006 nloads/EPA_Datacenter_Report_Congress_Final1.pdf
e | lieatony | o | Gemtwty | 7o | CAGR “Findings on Data Center Energy Consumption Growth May
e e NEN - o I Already Exceed EPA's Prediction Through 2010,
T - N — K. G. Brill, The Uptime Institute, 2008,
Volume seves 0l % 23 [ 30% 1% http://uptimeinstitute.org/content/view/155/147
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CPUs got hotter

Intel Processor Clock Speed (MHz)
10000

1000 ) ) _— Core 2Extrame
Chlp MaXImum :En::: Multicore Crisis
Power in Wauslcmz Not too Iong to reach o0 here!

Nuclear Reactor
100 Itanium — 130 watts
entium 4 - 75 watts
Surpassed 5 ﬁpenltlmrggl y ?tg walks Intel Processor Clock Speed (MHz)), from
Heating Plate ‘ Penliﬁnm L;’TO _—3 0 w‘:t?s http://smoothspan.files.wordpress.com/2007/09/clockspeeds.jpg
10 ll.v'é' CPU-Frequency 1993 - 2005
ll'lo.{plfvas:'ge AMD and Intel
4000
Pentium - 14 watts
1486 — 2 watts
al -

|3§6 -1 Watt 1 1 1 1 1 1 1 g_ 1500

1.5u 1u 0.7u 0.5p 035p 0254 018u 0.13u  01p  0.07u & 1000
1985 1995 2001 Year 500

1]

Heat density of Intel CPUs, Source Shekhar Borkar, Intel

AMD

Intel

http://www.tomshardware.com/reviews/
mother-cpu-charts-2005,1175.html
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Energy Consumptlo

“We are on the Wrong side of a Square Law” Fred Pollack 1999

New goal for CPU design: “Double Valued Performance every
18 months, at the same power level”, Fred Pollack

Pollack, F (1999). New Microarchitecture Challenges in the Coming Generations of CMOS Process Technologies. Paper presented
at the Proceedings of the 32nd Annual IEEE/ACM International Symposium on Microarchitecture, Haifa, Israel.

Normalized Normalized | EPI on 65 nm at
Product Performance | Power 1.33 volts (nJ)
1486 1.0 1.0 10
Ed Grochowski, Murali Annavaram Energy per Pentium 2.0 2.1 14
Instruction Trends in Intel® Microprocessors. Pentium Pro 3.6 9 24
http://support.intel.co.jp/pressroom/kits/core2d
uo/pdf/epi-trends-final2.pdf Pentium 4 (Willamette) 6.0 23 38
Pentium 4 (Cedarmill) 7.9 38 48
Pentium M (Dothan) 5.4 7 15
Core Duo (Yonah) 7.7 8 11
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The Square Law

For CMOS the relationship between power (P), vo
and frequency (f) is

— 2 4
P = ¢,V +c,V+cs+O(VF) Furthermore, f ~ C(V-V0)
. Leakage+ ’
Dynamic Board Fans
160 - 4.5 * Pe?tlumM
y=14286¢ - 231.14x + 1862 | & 19 4 1" Shane /
150 - R® = 0.9%47 s - .0 o
140 P % 3 5 /
2] - = /
| e 5 25 &
2 120 —x 5 % 1 g //Z
% @ 1. '
£ 11 /{// e / _,f V’
~ 100 —— 0.5 //
90 /,./- 0 T - T T
80 - 0 0.5 1 1.5 2
{ 105 1.1 115 12 125 13 135 14 145 15 Voltage

Volts

Linpack: 15f(V-0.2)2+45V+19
| STREAM: 5f(V-0.2)2+50V+19

Source: Supermicro
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The Squre

« Execution Time T=a(1/f) + 3

— - Putting it together:
o 18 = STREA | — Compute bound (yellow) — at low frequency the
g8 V4 CPU leakage power and board combined with longer
E :‘; execution time increases the energy consumption; at
g | high frequency dynamic and fan power increases
E 08 rapidl P5B
£ o / Bt PIEY" 25000
2
0'3 200.00
0 OT‘I OI_Z 0i3 OI_4 0?5 016 Oi? 0.8
Clock Period (1/GHz) @ 150.00 —
‘§ —
7 100.00 0.99
M e 0,75
Putting it together: 50.00 —(5
Bus bound (black) — .25
— minimize CPU power: 0.00 : . : . :
lowest frequency 1 15 2 25 3 35 4

#Source: Supermicro GHz
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Intel Polaris Chip
80 cores, 1TF @ 62W, 2TF @ 190W

Peak Performance Average Power Efficiency
6 20
] 80°C (1.63 TFLOP 9>~194 N=80
o 5.1GH - ./" 80°C
= 15 ]
(&) 4 ] (1 TFLOP)
= 3.16GHz 3
& 3] & 10 ] .
S ° Jo3zTFLOP) S Vs
3 o JicH: T 105
@ ] = &)
& 1] 5.8
N=80 394 GFLOPS
0 +——r—""—"—"———————— 0 i : :
06 07 08 09 1 11 12 13 14 200 400 600 800 1000 1200 1400
« (V) GFLOPS
- Measured Power - Leakage
225] B80°C,N=80 1.33TFLOP @ 230W = B Sleepdisabled | 80°C

200] pgActive Power

’3'“1 751 [ leakage Power
e 1TFLOP @ 97w
b5 125 8
3 100
n_ 75 4
50
. nlll
!.!.!.! 0

mu A 070 080 090 100 110 120 130

B Sleep enabled

% Total Power

o

cc .
Stencil: 1TFLO @97W 1.07V: All tiles awake/asleep Source: Intel

S. Vangal, J. Howard, G. Ruhl, S.Dighe, H. Wilson, J. Tschanz, D. Finan, P. lyer, A. Singh, T. Jacob, S. Jain, S.
Venkataraman, Y. Hoskote, N. Borkar. February 11-15, 2007. An 80-tile 1.28 Tflops Network-on-Chip in 65 nm
CMOS. Pp. 98 — 99. IEEE Solid-States Circuits Conference, San Francisco.
http://ieeexplore.ieee.ora/xpl/freeabs all.isp?arnumber=4242283
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Some Low Frequent

Scicortex, MIPS 800 MHz

Blue Gene/L (750 MHz), P (800 MHz) and Q (1.6 GHz)
DSPs ~1 GHz (Ex. TI TMS320C6678)

ARM < 1GHs — 2 GHz (Server Ex. Calxeda — HP Moonshot)
Mobile low to high hundreds MHz

Greenflash

38
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Green Flash Strawman System Des

Three different approaches examined (in 2008 technology) ® 3
Computation .015°X.02°X100L: 10 PFlops sustained, ~200 PFlops peak

 AMD Opteron: Commodity approach, lower efficiency for scientific
applications offset by cost efficiencies of mass market

* BlueGene: Generic embedded processor core and customize system-
on-chip (SoC) to improve power efficiency for scientific applications

» Tensilica XTensa: Customized embedded CPU w/SoC provides
further power efficiency benefits but maintains programmabilit

Processor Clock Peak/ Cores/ | Sockets | Cores [ Power
Core Socket
(Gflops)
AMD Opteron 2.8GHz | 5.6 2 890K 1.7M
IBM BG/P 850MHz | 3.4 4 740K 3.0M |20 MW
Green Flash / 650MHz | 2.7 32 120K 4.0M {3 MW
Tensilica XTensa

Slide courtesy Horst Simon, NERSC, http://www.cs.berkeley.edu/~demmel/cs267_Spr09/Lectures/SimonPrinceton0409.ppt
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DARPA Exascale study.

Last 30 years:

— “Gigascale” computing first in a single vector processor

— “Terascale” computing first via several thousand microprocessors
— “Petascale” computing first via several hundred thousand cores
Commercial technology: to date

— Always shrunk prior “XXX” scale to smaller form factor

— Shrink, with speedup, enabled next “XXX" scale
Space/Embedded computing has lagged far behind

— Environment forced implementation constraints

— Power budget limited both clock rate & parallelism

“Exascale” now on horizon

— But beginning to suffer similar constraints as space

— And technologies to tackle exa challenges very relevant

Especially Energy/Power

http://www.ll.mit.edu/HPEC/agendas/proc09/Day1/S1 0955 Kogge presentation.ppt
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Power fundamentals —

Processor Memory
* Modern processors being « Cannot afford separate DRAM in
designed today (for 2010) an Exa-ops machine!

dissipate about 200 pJ/op total. Propose a MIP machine with

This is ~200W/TF 2010 Aggressive voltage scaling on
* In 2018 we might be able to drop 8nm
this to 10 pJ/op . Might get to 40 KW/PF —
~ 10W/TF 2018
* This is then 16 MW for a 60 MW for sustained Exa-ops

sustained HPL Exaflops

* This does not include memory,
interconnect, /O, power delivery,
cooling or anything else

m Source: William J Camp, Intel, http://www.lanl.gov/orgs/hpc/salishan/pdfs/Salishan%20slides/Camp2.pdf
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Interconnect 110
« For short distances: still Cu « Optics is the only choice:
« Off Board: Si photonics « 10-20 PetaBytes/sec
 Need ~ 0.1 B/Flop Interconnect « ~afew MW (a swag)

* Assume (a miracle)
5 m\W/Gbit/sec

~ 50 MW for the interconnect!

Power and Cooling

Still 30% of the total power budget in 2018!
Total power requirement in 2018: 120—200 MW!

“ Source: William J Camp, Intel, http://www.lanl.gov/orgs/hpc/salishan/pdfs/Salishan%20slides/Camp2.pdf
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Reducing Waste

Mark Horowitz 2007: “Years of research in low-
power embedded computing have shown only one
design technique to reduce power: reduce waste.”

Seymour Cray 1977: “Don’t put anything in to a
supercomputer that isn't necessary.”

Office of E"""l ﬂ

Semics
U8 DEPARTMENT AGY

es, John Shalf
er, Lawrence Berkeley National Laboratory
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*We only need 80 out of the nearly 300 ASM insiructions in the x86
instruction set!

+Still have all of the 8087 and 8088 instructions!

= *Wide SIMD Doesn’t Make Sense with Small Cores

- «Neither does Cache Coherence

- sNeither does HW Divide or Sqrt for loops

Hon *Creates pipeline bubbles

: *Better to unroll it across the loops (like IBM MASS libraries)

= |- *Move TLB to memory interface because its still too huge (but still get
s [ precise exceptions from segmented protection on each core)

cm GOy

' O
@ Science ; : : ; ' el Tiege

U5 CEPARTNENT OF EREPGY )
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5 1 ) )1 5 )
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Exascale Computing Technology Challenges, John Shalf
ional Energy Research Supercomputing Center, Lawrence Berkeley National Laboratory
-XXL 16, San Francisco, May 12, 2010
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What kind of arc

AW ERSC How Small is Smal

Power5 (server)
- 389mmA2
- 120W@1900MHz
* Intel Core2 sc (laptop)
- 130mmA*2
- 15W@1000MHz
+ ARM Cortex A8 (toaster oven)
— SmmA2
- 0.8W@800MHz
+ Tensilica DP (cell phones)
- 0.8mmA2
- 0.09W@600MHz
+ Tensilica Xtensa (Cisco Rtr)
- 0.32mm*2 for 3!
- 0.05W@600MHz

r@)-m‘fice of EAch core operates at 1/3 to 1/10th efficiency of largest chip, but you
~—d Science can pack 100x more cores onto a chip and consume 1/20 the power

ws

http://www.csm.ornl.gov/iworkshops/SOS11/presentations/j_shalf.pdf
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What kind of architecture

Cell BE Nvidia G80 ClearSpeed
GF100 | CSX600
32-bitFP | 200+ GFLOPS 360+ GFLOPS -~ | 25+ GFLOPS
64-bit FP 20+ GFLOPS 200+GF 512 GF 25+ GFLOPS 96 (
Clock 3.2 GHz 575 MHz 210 MHz
frequency
Transistors/ | ~ 241M ~681M ~128M
chip
Power ~ 110 Watts ~ 145 W (for 225W ~ 10W
GeForce 8800 GTX
board) 25W board

nVidia
Tesla S870
i 1U 1.3 TF

Clearspeed PCI X board
http://gamma.cs.unc.edu/SC2007/Sarkar-SCO7-Multicore-Workshop.pdf
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What type of architectL

80 cores, 1TF @ 62W, 2TF @ 190W

Peak Performance Average Power Efficiency
20
°] 80°C (1.63 TFLOP ?%=194 N=80
= 54 5.1GHz : /’ 80°C
T . 15 ]
o (1 TFLOP)
=4 3.16GHz : 2
g 3] & 101 e,
] J(0.32 TFLOP) S /
=2 2 __1GHZ o 10.5
o ] l © 5]
s 14 58
] N=80 394 GFLOPS
0 —r—"m—"7b—"—"—"——r 0 . :
05 07 08 09 1 11 12 13 14 200 400 600 800 1000 1200 1400
« (V) GFLOPS
250 Measured Power . Leakage

a25] 80°C,N=80 1.33TFLOP @ 230W »
200] g Active Power

E‘} Zg [ Leakage Power
i 125 1TFLOP @ 97w 8%
g 100
e 4%
SD I
25
_!,!,!,! . . 0%

B Sleepdisabled | 80°C
[l Sleep enabled

% Total Power

o

070 080 090 100 110 120 130

cc (V) :
Stencil: 1TFLOP 1 97W, 1.07V: All tiles awake/asieep OOUTCE: INtel

For CMOS the relationship between power, voltage and
frequency is
P = c1V2f +c2V+c3+0(V4)

S. Vangal, J. Howard, G. Ruhl, S.Dighe, H. Wilson, J. Tschanz, D. Finan, P. lyer, A. Singh, T. Jacob, S. Jain, S.
Venkataraman, Y. Hoskote, N. Borkar. February 11-15, 2007. An 80-tile 1.28 Tflops Network-on-Chip in 65 nm
CMOS. Pp. 98 — 99. IEEE Solid-States Circuits Conference, San Francisco.
http://ieeexplore.ieee.ora/xpl/freeabs all.isp?arnumber=4242283
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Intel® MIC Architecture:
An Intel Co-Processor Architecture

VECTOR VECTOR VECTOR VECTOR
1A CORE IA CORE 1A CORE 1A CORE

INTERPROCESSOR NETWORK

COHERENT  COHERENT COHERENT  COHERENT
CACHE CACHE . CACHE CACHE

COHERENT COHERENT COHERENT COHERENT
CACHE CACHE CACHE CACHE
LN |

INTERPROCESSOR NETWORK

VECTOR | VECTOR VECTOR | VECTOR
IACORE  IACORE | IACORE | IACORE

FIXED FUNCTION LOGIC
MEMORY and I/0 INTERFACES

Many cores and many, many more threads

Standard IA programming and memory model

intel)
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GPUs — AMD 5870 (2010)

Tera Scale 2 Architecture Radeon™ HD 5870

= 1 6 O O P E S Command Processor & 1A & Thread Group Generator
» 20 SIMD Engines (SE) W = =1 .=
Y 2 : 72 T F S P, O ) 544 T F D P fltra Threaded iispaich Processor <+ 64 kbG\obaltshared Metmory +GWS <+ UltraThreaded i)ispatch Processoi

SIMD Engine SIMD Engine 1

i Memory BVV 147GB/S SIMD Engine SIMD Engine 3

SIMD Engine SIMD Engine 5

« 8kB L1 and 32kB data SIMD Engine SIMD Engine 7

SIMD Engine SIMD Engine 9

share for each SE SIMD Engine 10 SIMD Engine 11

SIMD Engine 12 SIMD Engine 13

° 64kB Global data Share SIMD Engine 14 SIMD Engine 15

SIMD Engine 16 SIMD Engine 17

° Four 128 kB L2 CaCheS A SIMD E:gine 18 SIMD Eng'ine 19

Export Buffer wiih Write Crossbar

e Up tO 272 bl”lon 32'b|t WriteComb‘i'ne Caches Read L2 Caches WriteComEine Caches

o

Filter, L1s

Address,
-+ STV VoSO

*4-4kb 8-64kb 4-4kb*
fetches/second s l ( [ samices
® U p to 1 TBlseC L 1 teXtu re Memory Controllers (8 Channels) !

fetch bandwidth — citer ST
* Up to 435 GB/sec JEEN ge o ot ot o e

between L1 & L2 il &5 &S &3 & T
o 225W - — : AIEATS

Addr& Ld

= SIMD Engine
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MFLOPS/W

IBM Thomas J. Watson Research Center

IBM Thomas J. Watson Research Center

Total Power
Computer* (kW)

NNSA/SC Blue Gene/Q Prototype 2
NNSA/SC Blue Gene/Q Prototype 1

RIKEN Advanced Institute for Computational Science
(AICS)

K computer, SPARC64 VIIIfx 2.0GHz, Tofu interconnect

Yukawa Institute for Theoretical Physics (YITP)

Hitachi SR16000 Model XM1/108, Power7 3.3Ghz,
Infiniband

IBM Thomas J. Watson Research Center

CeSViMa - Centro de SupercomputaciA®n y
VisualizaciA®*n de Madrid

Power 750, Power7 3.86 GHz, 10GigE

BladeCenter PS702 Express, Power7 3.3GHz,
Infiniband
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‘_

Texas Instruments
OMAP4430/OMAP4440

1pooR2 e sy dl Keypad [ usa [N <2

[ L] L] L]

sonan o o [ o0 ol oo |
convoter | e | Xesd | ‘US55 [sm |0 oo

T

B ﬂﬁl@ 1

Shaled memory controller/DMA = =
Timers, Interrupt controller, mailbox = === 1

Boot/secure ROM m:H:l ———

M-Shield™ Security Technology: SHA-1/MDS, | y
DES/3DES, RNG, AES, PKA, secure WDT, keys peacset 1)

12 SRAM Cache

Cortex A8 dual core
http://www.eetimes.com/electronics-news/4200451/Apple-s-A4-dissected-discussed--and-tantalizing



Ehe New JJork Times Business Day

Technology

WORLD U.S. N.Y./REGION BUSINESS TECHNOLOGY SCIENCE HEALTH

Search Technology Inside Technology

Go Internet  Start-Ups  Business Computit

Bill White

FOR TEXAS

Start-Up Aims to Slay Chip Goliath

By ASHLEE VANCE

A group of investors, including companies from the United States,
Europe and the United Arab Emirates, has formed in a bid to disrupt
one of Intel’s most lucrative franchises.

@, Enlarge Thisimage  The companies have put $48 million
: into Srooth-Stone, a start-up based
in Austin, Tex., betting that it can
modify low-power smartphone chips
to run servers, the computers in
corporate data centers. If successful,

Smooth-Stone would undermine
Intel’s server-chip business and offer

Barry Evans is chief of Smoot
a name that refers to David's weapon
in the Bible

companies, especially those with vast
data centers like Google,

Amazon.com, Facebook and Microsoft,

cost savings.

34
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ARM is Pervasive ﬁd Open

Annual Shipments
== ARM
~ x86

—

—

2005 2006 2007 2008 2009 2010e 2011e 2012¢ 2013e 2014e

January 06, 2011
NVIDIA ARMs lItself for Heterogeneous Computing
Future

..... On Wednesday, the GPU-maker -- and soon to be
CPU-maker -- revealed its plans to build heterogeneous
processors, which will encompass high performance
ARM CPU cores alongside GPU cores. The strategy
parallel's AMD's Fusion architectural approach that
marries x86 CPUs with ATl GPUs on-chip.



CHEP 2012
May 20 — 25, 2012

Lennart Johnsson

Texas Instruments 8-core DSP TMS320C6678

* Industry-best floating point performance
— 16 Gflops/W

« Standard programming model
— supports MPIl and OpenMP

« Wide range of applications

» Full ecosystem support
— Off the shelf PCle and ATCA cards
— O/S and application software

Supported by a full set of development tools
lﬂl and Code Composer Studio IDE
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Cores W GF/W Cores W GF/W Cores W GF/W Cores W GF/W Cores w GF/W

4 ~2 ~0.5 2 2+ ~0.5 12 115 ~0.9 6 130 ~0.6 1600 225 ~2.3

TMS320C6678 IBM BQC ClearSpeed CX700
Cores W G Cores W GF/wW Cores W GF/W Cores w GF/W
512 225 ~2.2\ 8 4 ~15 16 55 3.7 192 10 ~10

\
/ Very approximate estimates!!

lﬂ KTH/SNIC/PRACE Prototype Il




CHEP 2012
May 20 — 25, 2012
Lennart Johnsson

1.2 TF Peak Double Precision (DP)
(3.2 TF Peak Single Precision (SP))

20 GB memory

256 GB/s memory bandwidth

240W

2 nano Joules/DFLOP (5 GF/W, DP)
100 Gbps interconnect total bandwidth
Dual 10Gbps Ethernet uplink

20 devices, 8 cores each

50 Gbps links pairing devices

m INSTRUMENTS AD\'\NTECH

Source: Pekka Varis, Tl
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My S~ 8 C66x Cores:
1ot 4+4 wide VLIW, in-order, A/B-side
4 DP-add, 2 DP-mul, 2 load/store
32+32 regqisters, 32-bit wide

-

CorePac

Memory System:

32KB L1 32KB L1
P-Cache D-Cache

=k ot 2 32 kB L1 data and program SRAM
e e £, e 512 kB L2 unified SRAM
[ e et 4 MB shared L3 SRAM - MCSM
T Lo 8 GB DDR3-1600 (1333), 64 bit wide
HHHHH Hu ﬁ}wHHa='é:f:r:ior Communication:
{ } I } I I N I A — 2 gigabit Ethernet ports
Ll ] ]

1 serial rapid 1O - 4x5 Gbps
Image © Texas Instruments 1 HyperLlnk - 4X125(10) GbpS
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Y

Mgmt
Network

Mem

DDR3

CPU
(ARM)
4-core

10GB/s

S/dD01

y

General
Network

50 Gbps | 8-core | DDR3 M
HL DSP em
(TI)
HL | 8-core | DDR3 Mem
_— ‘ DSP
Syt (D
(FPGA)
— ‘ 8—core | DDR3
a0 DSP Mem
3 (TT)
@
® |HL | 8—core | DDR3 Mem
Interconnect DSP

6 Links

(TD)
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-

~50W
32 GB
2.5 GF/W Linpack

wi# TEXAS INSTRUMENTS
=i CALZXEDA n:-

Power your tomorrow™
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DDR 1333 MHz: 10.664 GB/s
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STREAM

L1: 98 % of peak
L2: 75 % of peak

DDR: 83 % of peak

Most recent DDR3
result: 9.69 GB/s,
90.9%

Data set size
in Bytes
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Energy measured
for entire EVM with
on-board emulator

Data set size
in Bytes
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Innermost loop — L1: >95%

Current 8-core result: 49%, expected after further
optimization >75% (comparable to Interlagos result
reported by EPCC, but less than Westmere)

Expected energy efficiency — comparable to Blue
Gene/Q

61



Bus (XCB)

ADVANCED COM PUT

Next: Moblle "- -

SHAVE Processor 28nm (Fragrak)

«—————— SHAVE Variable-Length Instruction ——————»
PEU BRU LSUO LSU1 VAU |AU SAU CMU TMU DMA

Intra-Cluster
Bus (ICB)

y-

SHAVE

BRU DCU

Processor

IRF

256kB

™U 3232 3232

tetietiet

CMU

SRF VRF
32x128

Soice O [

—

IDC
N

L LSUO _ Add4

SAU VAU
MAC MAC

*  Decoded
instructions

a
>

Xtra-Cluster

F r a g ra k 128-bit AXI Bus

256 -
512MB

SDRAM

Die
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Movidius %

16 SHAVES

1 LEON

150 GFLOPS
350 mW

1Q 2013
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SHAVE Performance
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SHAVE BlueGene/Q | NVIDIA Kepler
Fragrak

Clock Frequency

Cores/Threads

FP Performance
Power

Memory

Memory Bandwidth
Network Bandwidth
Energy Efficiency
FLOP/Memory Cap
FLOP/Memory BW
FLOP/Network BW

800 MHz
16

51.2 GF/s
0.35W

512 MB

6.4 GB/s

1 GB/s

146 GFLOP/J
95 FLOP/B
7.5 FLOP/B
48 FLOP/B

1600 MHz
16

204.8 GF/s
55 W

16 GB

42.7 GB/s
22 GB/s
3.7 GFLOP/J
12 FLOP/B
2.5 FLOP/B
9.3 FLOP/B

1006 MHz
1536

~ 1000 GF/s
195 W

2GB

192.2 GB/s
12.8 GB/s
5.1 GFLOP/J
466 FLOP/B
5.2 FLOP/B
/8 FLOP/B >
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Movidius 10 PELOPS :

compute card Node card Cabinet
32mm 9840 TFLOPS 10 petaFLOPS
16x compute cards 1024 Nodes

45W 46kW

% -

(@ @
" @ @

$200/board

615 DP GFLOPS @ 2.8W
(8* 4 * 16 * 800MHz)
8*128MB DDR3 @ 1.2 GHz
76.8GB/s Mem BW (8*9.6 )

/
=1

10 PFLOPS in a single cabinet
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Netwk
Flops/ |Pk Core Sub- Mem [Pk [BW Tot. Tot.
Clock/|GFLOP |Cores/ |Watts/ |domains [MBytes [BW Bytes/|(GB/s |# M [Power |Tot. petaFLOP
Name CPU GHz [Core |S Socket|Sckt |/Sckt  |/Socket|GB/s |FLOP|) Sockets|MW Cost$M|S $/socket |$/GFLOP
AMD Opteron 2.8 2 5.6 2 95 224 112 6.4 057 057 0.89 179| 1799.6 9.97 2022 180.54
IBM BG/P |PPC440 | 0.7 4 2.8 2 15 11.2 56 55 098] 0.98 1.78 27| 2600.6 9.97 1461 260.89
Tensilica |Custom [ 0.65 4 2.6 32 22| 1728 864 512 0.62| 062 0.12 2.5 75 9.98 625 7.51

http://www.hpcuserforum.com/presentations/Germany/EnergyandComputing
Stet.pdf

http://www.lbl.gov/cs/html/greenflash.html
http://www.tensilica.com/uploads/pdf/ieee computer nov09.pdf

http://en.wikipedia.org/wiki/FLOPS
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How to make DRAM faste
more energy efficient?

Stacking of DRAM

Bulk Memory

~25W@100GB/sec

3D

L1 Memory

Bulk Memory

~2W@100GB/sec

Source: Tanay Karnik, Jerry Bautista, Intel, PRACE Workshop, March 2 — 4, 2009, Barcelona
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] /i : ;
On-die Mesh Work in Progress:
Interconnect Stacked Memory Prototype
f i 4 256 KB SRAM per core
rocessor 4X C4 bump density

Tile 3200 thru-silicon vias
T

Memory.
Bus Memaory
{ Tie  /

Signals and power from package, through
memory, to the processor file

TSV Pitch 190um

SRAM die size 275mm?

SRAM size 256KB per tile, 20MB total i

SRAM Power 7W SRAM + 2.2W IO AR r"“"'
Bandwidth 12GB/sec/tile, ~1TB/sec total

arnik, Jerry Bautista, Intel, PRACE Workshop, March 2 — 4, 2009, Barcelona
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HMC....: Technly Comparison

Generation 1 ( 4 + 1 memory configuration)

.
IDD BW GB/s Power (W) mW/GB/s pj/bit real p]/bit
SDRAM PC133 1GB Module 3.3 1.50 1.06 4.96 4664.97 | 583.12 762
DDR-333 1GB Module 2.5 2.19 2.66 5.48 2057.06 | 257.13 245
DDRII-667 2GB Module 1.8 2.88 5.34 5.18 97151 | 12144 139
DDR3-1333 2GB Module 1.5 3.68 10.66 5.52 517.63 64.70 52
DDR4-2667 4GB Module 1.2 5.50 21.34 6.60 309.34 38.67 39
HMC, 4 DRAM w/ Logic 1.2 923 12800 1108 8653 10.82 137
Simple calculation from IDD7 (SDRAM IDD4) Real system,
1Gb 50nm DRAM Array Z"e’;“;t‘c';"‘ot‘;t‘:‘l’:;
90nm prototype logic HMC Gen 1 DRAM

512MB total DRAM cube
128GB/s Bandwidth

27mm x 27mm prototype
Functional demonstrations!
Reduced host CPU energy

{HISHIH
SIHEIHIH
1Gb Based DRAM Stack HHEHEETHEIH

i

HEH

HI}

Bl
[ | | IHGIHEIRG

ource: J. Thomas Pawlowski, Micron, HotChips23, August 17 — 19, 2011



CHEP 2012

May 20 — 25, 2012
Lennart Johnsson

ADVANCED COMPUTING RESEARCH LABORATORY

What type of Architecture?

Energy Efficiency — Embedded Processors

“A carefully designed ASIC can achieve an
efficiency of 5 pJ/op in a 90-nm CMOS technology.
In contrast, very efficient embedded processors and
DSPs require about 250 pJ/op (50X more energy
than an ASIC), and a popular laptop processor
requires 20 nd/op (4,000X more energy than an
ASIC)”

Efficient Embedded Computing
W. J. Dally, J. Balfour, D. Black-Shaffer, J. Chen, R. C. Harting, V.Parikh, J. Park, and D. Sheffield.

2008. Vol41, no.7, pp 27 — 32. IEEE Computer.
http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=4563875&tag=1
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Energy Efficiency — Embedded Pro

“An embedded processor spends most of its energy on instruction and data
supply. The processor consumes 70 percent of the energy supplying data (28
percent) and instructions (42 percent).
Performing arithmetic consumes only

6 percent. Of this, the processor spends
only 59 percent on useful arithmetic—
The operations the computation actually
requires—with the balance spent on
overhead, such as updating loop indices
and calculating memory addresses.” Arithmetic =

Instruction
42% supply

Clock +
control logic

Efficient Embedded Computing

W. J. Dally, J. Balfour, D. Black-Shaffer, J. Chen, R. C. Harting, V.Parikh, J. Park, and D. Sheffield.
2008. Vol41, no.7, pp 27 — 32. IEEE Computer.
http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=4563875&tag=1
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© NAERE——

wan GlasUNY

Luiz Andre Barroso and Urs Holzle
Google

“The Case for Energy-Proportional Computing”, Luiz André Barroso, Urs
Holzle, IEEE Computer, vol. 40 (2007).
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Power consu

= Subsystem power usage varies from idle to full usage:

BCPU  WMDRAM Disk W Cther
100.00

90.00 - . . Font: Luiz Andre
80.00 3 B = . L] . . . . Barroso, Urs Hoelzle,
70,00 4.—L - - - "The Datacenter as a
60.00 ]

Computer: An
Introduction to the
Design of Warehouse-
Scale Machines", 2009.

50,00
4000 -
30,00
20,00
10.00
0.00

Idle 7 14 21 29 3% 43 50 57 64 7 ” 86 93 100

®* Processors — Power stepping CPUs

& AV PowarNow™ technaogy disablad
HENT™ - AvD FowerNow™ technaogy enabled

CPUs can step down into
reduced performance
modes by adjusting
frequency and voltage in

| synchronization with load.

Lowy T T T T T
=™ 20T AOTo B0W: B0 100%:

CPU utiization Source: AMD

oad/greencomputing-2010-100202163517-phpapp02.pdf?Signature=G4jDh
ires=1281855097& AWSAccessKeyld=AKIAJLJT267DEGKZDHEQ
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Intel Single-chip Cloud C

[ ]
&CO @
¥
L | Technology | 45nm Process
" * i
i ) I e d i) o Interconnect | 1 Poly, 9 Metal (Cu)
i
§ === | Transistors Die: 1.3B, Tile: 48M
o ']
Tile Area 18.7mm?
s -l R 2
Die Area 567.1mm?

o P 20
L F o ay 20 0
& ennart Jo
£y o
® AU € - [} -l - -
Fl0 FRead
N - &Vvio g %g Pointer|
i % Da m ”E‘:', 5 O
1 30
o)
5 i i i q "
= |l EE‘ H j g Data O %E E Data
= | N T [Read || § s L1 pi2e
| :i i D (e > &ws
s - i & ‘ ,-
“B i i = 7
EEEEEE L2$1 Coret
8 i E: E: v : - \ - :,.
FI26 SIF ' FI25
VRC - L2%0 Core0
H Router M Tile

27 Frequency Islands (FI) 8 Voltage Islands (VI)

Source: Jim Held, Intel SCC Symposium February 12, 2010
http://techresearch.intel.com/newsdetail.aspx?1d=17#SCC
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Performance: low-power applications run at higher frequency

Boost: variable opportunity based on

Performance / Power Level VRM & Pkg constraints, thermal

1 density, and CPU/GPU state
Target TDP |
= Chip power estimator
= Thermal history representation
= Lower power apps = better perf.
> Mechanism ~invisible to application
Time
Power Credits
C Halted
Corfa Power (Cores Halted) > . .
Density Control > 1P TDP

2.CPU TDP control
control

& . &
— Power Credits
(GPU Core idle)

P4
ol el

http://www.hotchips.org/hc23 2008-08-17 -- 19
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Intel Sandy Bridge CPU

Intel® Turbo Boost Technology 2.0 - Package

O Power specification is defined for the entire package
e Monolithic die — power budget shared by CPU and PG
e Sum of component power at or below specifications

Core
Power [W]

Total package power
CPU+PG=const

@ @ @
Applications
L%

PG Power [W]
Sandy Bridge - Hot Chips 2011

Source: Efi Rotem, Alon Naveh, Doron Rajwan, Avinash Ananthakrishnan, Eli Weissmann
http://www.hotchips.org/hc23 2008-08-17 -- 19
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The Next (Final) Frontier?

Application Performance

Applications typically achieves ~1 - 10%
of peak floating-point performance!!
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Thank Youl!




